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Abstract 
In this work photoinduced processes and holographic surface relief formation in azobenzene containing low-
molecular weight organic glasses were studied. The molecular glasses due to trans-cis isomerisation and photo-
orientation of molecules possess high sensitivity to the light irradiation and therefore they are promising media for 
holographic recording. 
Electric field of linearly polarized light causes an alignment of molecule dipoles perpendicularly to the electric field 
vector and this process is accompanied by an appearance of photoinduced optical anisotropy in organic glasses. 
The photoinduced birefringence and dichroism induced by 532 nm light was studied. 
Holographic recording in organic molecular glasses was performed with 532 nm solid-state diode-pumped laser 
Verdi-6. Very rapid holographic grating recording and surface relief formation at small recording beam intensities 
was observed. The dependence of recorded grating diffraction efficiency and surface relief depth on recording beams 
polarization state and intensities was studied. The surface relief was studied with AFM. 
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1. Introduction 
Organic glasses are very promising material for many applications in electronic and optoelectronic. 
They have many advantages in comparison to polymers: organic glasses well-defined molecular structure, 
no molecular-weight distribution, and no undefined or undesired end groups [1-4]. Azobenzene 
containing organic glasses are suitable for holographic recording and in this paper an influence of 
 
 
* Corresponding author. Tel.:+371-29815498; fax: +371-67-132-778. 
  E-mail address: aleksejeva.jelena@gmail.com. 
Available online at www.sciencedirect.com
© 2013 The Authors. Published by Elsevier B.V.
Selection and/or peer-review under responsibility of the Organisation of the 10th International Conference on Solid State Chemistry.
Open access under CC BY-NC-ND license.
Open access under CC BY-NC-ND license.
20   J. Aleksejeva et al. /  Physics Procedia  44 ( 2013 )  19 – 24 
 
polarization state configuration of recording beams on surface relief grating (SRG) formation efficiency 
was studied. Mass transport direction in the grating was showed using optical slit experiments. 
Azobenzene containing molecular glasses possess photoinduced dichroism and birefringence properties 
and in this work those phenomena were studied at 532 nm wavelength. 
2. Experimental 
For the experimental investigation azobenzene 
containing low-molecular weight organic glass 
– B8 was used. Chemical structure of B8 
organic glass synthesized at Riga Technical 
University is shown in Fig. 1. Thin films with 
a thickness 3.0 m (sample A) and 0.65 m 
(sample B) were prepared by solvent casting 
technology. Glass transition temperature Tg of 
B8 is low ~95˚ C, thus material is soft, but 
presence of azo-bond provides 
photoisomerisation process what makes this 
material suitable for optical recording. On B8 
films holographic recording was performed 
using experimental set-up shown in Fig. 2a. For grating recording solid-state diode–pump laser Verdi-6 
(Ls1) with 532 nm wavelength was used. The laser beam was split by beam splitter (BS) into two beams 
with equal intensity. Beams were diverted to the sample (S) Using mirrors (M). An angle between the 
recording beam and the normal one was 15.4˚ and, according to Bragg’s law, it formed grating with 
a period = 1 m [5]. Half-wave plates ( /2 P) were used in order to change polarization state of 
recording beams. Quarter-wave plates ( /4 P) were used instead of half-wave plates in order to obtain 
circular polarization state of recording beams. For readout the diode laser (Ls2) with 660 nm wavelength 
was used. The first diffraction maximum on transmission mode was measured.  
Experimental set-up for photoinduced dichroism and birefringence investigation is shown in Fig. 2c. 
Semiconductor laser (Ls1) with 532 nm wavelength was used for dichroism measurements. Beam splitter 
produced two beams with orthogonal polarization state which was obtained using half-wave plates 
( /2 P), but  polarization cubes (PC) improved polarization quality of laser beams. One beam had high 
intensity and initiated anisotropy in the sample (S), second beam had very weak intensity to exclude its 
interaction with the material during the experiment. Transmittance of both beams was measured by 
 
Fig.1 Chemical structure of azobenzene containing low-molecular 
weight organic glass B8 
a)
 
b)
 
c)   
Fig. 2 – Experimental set-up for a) holographic recording; b) optical slit for imitation of 
holographic recording in one line; c) photoinduced dichroism and birefringence 
measurements 
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photodiodes (D) behind the sample. Difference between the absorption in parallel and perpendicular 
directions describes the photoinduced dichroism in the sample: AAD || , were ||A - absorbance of 
pump beam; A - absorbance of probe beam. Diode laser (Ls2) with 532 nm was used for photoinduced 
birefringence measurements. Laser beam went through polarizer and analyzer, thus if induced laser beam 
(Ls1) is off, there is no signal on the photodiode (D) behind the analyzer. If induced laser beam was on, 
anisotropy in the sample was produced and polarization plane was shifted, thus signal on the photodiode 
appears and refractive index changes can be evaluated using formula [5]: 
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tI
d
tn )(arcsin)(
 
where I(t) is the probe intensity passing through the crossed polarizers, Io – probe intensity passing 
through the parallel polarizers before pump irradiation. 
Experiments with optical slit were performed for imitation of recording in one grating line. They 
allowed investigation of an influence of polarization state configuration of recording beams on SRG 
formation efficiency and determination of the phase relationship between the exciting light field and 
the resulting surface deformation - where hill and valley of SRG are located in respect to interference 
pattern. Experimental set-up is shown in Fig. 2b. The optical slit (OS) with the dimensions 10 m x 5 mm 
was used. Laser Ls1 with wavelength 532 nm irradiated sample (M) from the bottom and imitated one 
line of interference pattern. The second laser beam Ls2 from the top with 532 nm wavelength and 
orthogonal polarization was used for the sample illumination from the substrate (S) side during the 
experiment [6]. Intensity of Ls1 and Ls2 was I1 = I2 = 0.1 W/cm2. Exposure time was 0.5 h. 
3. Results and discussion  
Azobenzene containing low-weight molecular glass “B8” transmittance spectrum is shown in Fig. 4. 
The absorbance band is located between 380-600 nm with maximal absorbance at 495 nm wavelength. 
The data about SRG formation efficiency in a sample A with intensity Ibeam = 0.5 W/cm2 for different 
polarization state configurations of recording beams are summarized in the Tab.1. Holographic recording 
with s:s polarization of the beams producing intensity modulation in interference pattern on the sample 
surface does not form SRG or grating in the volume. Using p:s polarization state combination for 
recording SRG formation was not observed as well. With p:p, R:L and +45:-45 polarization state 
combinations, DE of recorded grating were 10.3%, but the deepest SRG was obtained using +45:-45 
polarization state for recording beams, which produces polarization modulation on the surface. 
The profile of SRG recorded by +45:-45 is shown in Fig. 6. 
R:R polarization state produces intensity modulation on the surface similar to s:s, but obtained SRG is 
rather shallow with low DE of 1.1%. It could be explained by non-ideal circular polarization state of 
recording beams, thus weak polarization modulation is responsible for SRG formation. 
The experiments with optical slit (Fig. 3) showed that p polarized laser radiation using s polarized 
assisting light forms contraction on the material surface, but s polarized laser radiation using p polarized 
assisting light – hill. Thus the contraction in the grating using R:L and +45:-45 recording polarization is 
located in “ 2/ ”, but hill – in “0” (Table 1)[6]. In the case of p:p recording polarization contraction 
is located in “0”. 
B8 organic glass material is highly sensitive medium for optical recording. During the first few 
seconds of recording the SRG formation velocity (V) reaches 2 nm/s, what is about 50 times faster than in 
chalcogenides (Fig. 5). Such a fast SRG formation can be explained by low intermolecular action in the 
volume. After one minute of recording the velocity decreases, but after 11 minutes it tends to 0 nm/s. 
When recording beams are switched off only volume grating relaxation can be observed. Relaxation of 
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SRG has not been observed during a month while samples were kept at the room temperature or at +4˚C. 
 
SRG depth dependence on 
recording beam intensity Ibeam 
can be seen in Fig. 7. In all 
cases, equal exposition E  = 
142 J/cm2 was used, but 
recording beam intensity was 
varied between 7.6 mW/cm2 
and 2.8 W/cm2. The deepest 
SRG was obtained at Ibeam = 
0.47 W/cm2. At low Ibeam values 
SRG was still formed after 
exposition of E = 142 J/cm2, 
but at higher intensities thermal 
oscillations of the molecules 
caused by laser radiation 
prevented SRG formation and 
erased the grating at higher 
intensities.  
In B8 glass photoinduced 
dichroism was observed. 
Transmittance of pump beam (Fig. 8) is by 11.6% higher than in the case of probe beam. Pump beam 
radiation initiates isomerisation process in the materials and align molecules perpendicularly to its electric 
vector’s oscillations. Thus optical properties of the material in different direction were changed and 
transmittance for s and p directions was different. If pump beam was switched off, transmittance of probe 
beam increased. The probe beam intensity, which was 100-times lower than pump beam, was able to 
align molecules in the material. If pump beam was switched on again, transmittance of probe beam 
dropped and transmittance of pump beam returned to its initial value. That shows reversible optical 
properties and fast realignment of molecules in B8 glass. 
Table 1 – Electric field in xy plane, recorded SRG depth (h), SRG formation velocity (V) and obtained diffraction 
efficiency (DE) using different recording polarization.  
 Electric field in xy plane    
                                                               x: 
Recording  
polarization 2/ 4/
2/
0
0
 
4/
2/
2/
h, nm V, a.u. DE, % 
ss      0 0 0 
ps    6 0 0 
RR     
73 0.09 1.1 
+45/+45      132 0.25 3.0 
pp      306 0.79 10.3 
RL      312 1.33 10.3 
+45/-45    373 1.26 10.3 
 
Fig. 3 AFM measurements for surface structures obtained with optical slit a) P-s 
polarization; b) S-p  polarization 
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The obtained value of photoinduced birefringence at 532 nm wavelength excitation and measured for 
B8 glass was of n = 0.03 (Fig. 9). The value is reached in the first seconds of pump beam radiation. If 
pump laser is switched off, fast relaxation of n can be observed, but immediately after pump laser is 
 
Fig. 4 Transmittance spectra for B8 films with a thickness “22” – 
d = 3.0 m; “65” -  d = 0.65 m 
Fig. 5 SRG formation velocity in film with thickness d = 0.65 
m 
  
Fig. 6 SRG recorded with +45:-45 recording polarization; Ibeam = 
0.5 W/cm2;  in film with thickness d = 0.65 m 
Fig. 7 The depth of SRG  in film with thickness d = 3.0 m 
recorded with exposition E = 142 J/cm2 
  
Fig. 8 Photoinduced dichroism  in film with thickness d = 0.65 
m; dark green – pump beam transmittance, green – probe beam 
transmittance 
Fig. 9 Photoinduced birefringence in film with thickness d = 
0.65 m 
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switched on n reaches its initial value n = 0.03. This process is repeatable. 
Photoinduced dichroism and birefringence can be observed as long as pump laser is switched on, thus 
electric vector of the radiation aligns the molecules and anisotropy is obtained. If pump laser is switched 
off molecules disorder due to thermal oscillations and low mutual interaction.  
Kinetics of photoinduced dichroism and birefringence changes corresponds to kinetics of diffraction 
efficiency’s changes during a holographic recording. All the curves showed fast changes in the volume 
when the laser light radiation was applied. Experimental results of dichroism showed absorbance 
difference of s and p polarized light in the material. Thus, if the material is illuminated by periodic 
polarization modulation, areas with different dipole moments are produced due to isomerization process. 
According to photoinduced dielectrophoretic model [7] the formation of SRG can be explained by 
photoinduced softening of the matrix, formation of defects with enhanced or decreased polarizability, and 
their drift under the s- or p-electrical field gradient of light. 
4. Conclusion  
Azobenzene containing low-weight molecular glass “B8” is very promising material for holographic 
recording and further application in optoelectronics. Obtained SRG depth in film (thickness d = 0.65 m) 
was h = 373 nm, however SRG formation strongly depends on polarization state of recording beams. The 
best results was obtained using p:p, R:L/L:R and +45:-45. B8 is very sensitive material; SRG formation 
velocity reaches 2 nm/s at the first recording seconds, what is much better result than can be obtained in 
chalcogenides. 
Photoinduced dichroism and birefringence was observed in B8 glass at 532 nm wavelength. The 
difference between transmittance in vertical and horizontal direction was 11.6%, but obtained refractive 
index changes n = 0.03. 
The advantages of B8 are fast and deep grating formation under low laser light intensity, requirement 
of low exposition for SRG formation and permanent SRG after recording. 
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